1. Introduction {#sec0005}
===============

A cosmetic is a substance or preparation used in contact with various parts of the human body such as epidermis, hair, nails, lips and external genital organs (external parts) or applied to the teeth or mucous membranes of the oral cavity with a view or for the purpose of cleaning, perfuming, protection, changing their outlook, converting body odours and keeping the surfaces in good condition [@bib0005], [@bib0010]. Cosmetics are mixtures of some ingredients such as surfactants, oils and they need to be effective, long lasting, stable and safe to human use [@bib0015].

The various forms of cosmetic include powder, rouge (used to colour the face, lighten and remove flaws to produce an impression of youth and health), lipstick and lip gloss (used to colour the lips), mascara (used to enhance the **eye** lashes), nail polish (used to colour the fingernails and toenails), eye liner and eye shadow (used to colour the eye lids) [@bib0010].

Very high level of trace metals were reported in locally produced facial makeup in Nigeria [@bib0020]. Similarly, herbal cosmetics preparations sold in Indian market had the concentrations of mercury in 2 of the samples and lead in 6 of the samples exceeding the WHO permissive limit for herbal cosmetics preparation [@bib0025].

In addition, talcum powder had varied concentration of lead (15--20 ppm) and chromium (20--30 ppm) [@bib0030], [@bib0035] also found that facial talcum powder contain asbestiform and substantial concentrations of nickel, cobalt and chromium.

Dermal exposure is considered to be the most significant route for cosmetic products since the majority of cosmetics are applied topically. Dermal absorption of heavy metals is fairly minimal. The absorption of individual metals is influenced by some factors which include: physical and chemical properties of the mixtures. Oral exposure can also occur especially for cosmetics used in and around the mouth as well as from hand-to-mouth contact after exposure to cosmetics containing these heavy metals. However, inhalation exposure is typically considered to be negligible [@bib0040].

Humans are exposed constantly, simultaneously and consecutively to large numbers of chemicals of diverse nature from various sources and via multiple routes [@bib0045]. Cosmetics, especially the skin lightening types are used widely in most African countries, especially by women. Since these products are used for a long time, on a large body surface and under hot humid conditions, cutaneous absorption is enhanced [@bib0050]. The complications of these products can be very serious. Some studies have indicated an association between some ingredients of cosmetics and a variety of health problems [@bib0055].

The pattern of accumulation of these metals in female body can be altered by some physiological changes. Most of the metals act as endocrine disrupters interfering with the hormonal system [@bib0060].

A study by [@bib0065] on the levels of lead, cadmium, nickel, chromium, and mercury was conducted have been assessed in 28 body creams and lotions, 10 powders, 3 soaps, 5 eye make-ups, and 4 lipsticks widely available on Nigerian markets. The increases over suggested or mandated levels of lead in these creams and lotions ranged from 6.1 to 45.9 and from 1.2 to 9.2 mg kg^−1^ when compared with Cosmetic Ingredients Review Expert Panel 2007 and German safe maximum permissible limit of lead in cosmetics, respectively. Chromium And mercury were undetected in 100% of the cosmetic product.

Faruruwa and Bartholomew [@bib0070] revealed that in a total of 40 samples consisting of 10 different types of facial cosmetics commonly used in Nigeria, Chromium, nickel, zinc and iron were found in varying concentrations in all the samples, 85% of the samples also contain Cd while 18 of the 40 samples have Pb above detection limit (0.20--31.70 mg kg^−1^). The levels of Pb and Cd in superstores and open markets were lower in comparison to other metals under considerations, while the concentration of Fe is generally high (72.90--261275.60 mg kg^−1^) with one of the powders having the highest value of 261275.60 mg kg^−1^. The lowest value 72.90 mg kg^−1^ was found in face cleanser.

In another study published in Kano State, Nigeria, a total of 20 skin powder products were sampled from Sabon Gari (Bata) market with the aim of detecting the presence of cadmium and chromium. All the metals were detected in all the samples, even though, at different concentrations (P ≤ 0.050). The concentration of chromium was lower when compared to cadmium [@bib0075].

Due to the spuriousness of these cosmetic products in developing and under developed countries such as Nigeria, the facial cosmetics are being sold under the brand name of well reputed national and international companies in both open markets and superstores in the country.

Considering the different conditions of sales, which could possibly affect the heavy metals content of these cosmetics, coupled with the lack of regulations on cosmetics in the country and also marred with counterfeiting of cosmetic products, both markets faces non- regulations and the unfounded believe that genuine and safer products are found in the bigger and more expensive market like the superstores than in the smaller and less expensive market like the open market. In addition, Kano is a well known state for its commercial activities spanning across various products including cosmetics. These cosmetics are been channeled to different parts of the country for use. However, the complete profile of heavy metals in cosmetics in the state is lacking. Similarly, there is a higher patronage of these products from people of different ages and level of literacy because of the immense quest for beauty. Therefore, the need arises to investigate the heavy metal contents of cosmetics in the state.

This research was aimed at determining the concentration of some heavy metals in cosmetic products in Kano metropolis through the determination of the concentration of Copper, Manganese, Nickel, Chromium, Cadmium and Lead in skin lightening creams, face powder and lipsticks. These heavy metals are among the most toxic heavy metals and their role in cosmetics preparation.

2. Materials and methods {#sec0010}
========================

2.1. Samples and sample collection {#sec0015}
----------------------------------

Ten samples each of skin lightening creams, face powder and lipsticks of different brands were bought from different cosmetics shops from local market and super markets in Kano. These categories of cosmetics are the most commonly used and from each category representative sample from various brands were selected. The samples were of different qualities and popular brands with different price ranges from expensive products and cheap products (that is higher and lower prices). They are presented in [Table 1](#tbl0005){ref-type="table"}.Table 1Information on the types and brands of cosmetics used for the study.Table 1Lightening creamsFace powdersLipstickBrand nameColourCountryBrand nameColourCountryBrand nameColourCountryPure skinPinkChinaAilinLight brownUSAMs roseOrangeCanadaSkin code body lotionWhiteCote d'IvoireMilaniDark brownCanadaMagic lipstickPurpleFranceClair lissWhiteCote d'IvoireMacDark brownUSAFrank bee----Saga white toreWhiteNigeriaImanDark brownChinaJose faceBrownFranceCitrolightLemonCote d'IvoireSleekLight brownUSAIsland beauty--FrancePeauclaireWhiteCote d'IvoireMaikayLight brownMexicoIman--ChinaSivoclairYellowCote d'IvoireFashion fairLight brownUSAEnchanteurWhiteNigeriaBioclaireWhiteCote d'IvoireBlack opalLight brownUSAChun pairWhiteChinaCaroteneYellowCote d'IvoireLidanxiuLight brownUnknownCasvyne collection----LabidjanaiseYellowItalyClassicLight brownChinaChanteeviMarooneUnknown

2.2. Reagents and chemicals {#sec0020}
---------------------------

Analytical grade nitric acid (65%, Sigma Aldrich) and perchloric acid (70%, Sigma Aldrich) were used for sample preparation. Standard solutions for calibration of Lead, Chromium, Cadmium, Copper, Manganese and Nickel were prepared from 1000 mg/l Standard Stock Solution of GFS Fishers' AAS Reference Standard. All the solutions were prepared in distilled water. Dilution correction was applied for samples diluted or concentrated during analysis. These stock solutions were serially diluted to give concentrations as below:

**Cadmium**: A calibration curve with different cadmium concentrations (0, 0.1, 0.3 and 0.5 mg/l) was prepared.

**Chromium**: A calibration curve with different chromium concentrations (0, 0.5, 1.0 and 1.5 mg/l) was prepared.

**Lead**: A calibration curve with different lead concentrations (0, 1, 2 and 3 mg/l) was prepared.

**Manganese**: A calibration curve with different manganese concentrations (0, 1.5, 2.5 and 3.5 mg/l) was prepared.

**Nickel**: A calibration curve with different nickel concentrations (0, 0.2, 0.6 and 1.0 mg/l) was prepared.

**Copper**: A calibration curve with different copper concentrations (0.5, 1, 1.5 and 2 mg/l)

2.3. Sample digestion and chemical analysis {#sec0025}
-------------------------------------------

Glasswares and plastics were washed, rinsed many times with tap water and then soaked in 5% HNO~3~ solution for 24 h. They were then rinsed with deionized water. 3.0 g each of face powders and lipsticks were weighed into a porcelain crucible and dry-ashed in a muffle furnace by stepwise increase of the temperature up to 550 °C for 2 h. The ashed samples were digested with a 5 ml of IM HNO3 and then evaporated close to dryness on a hot plate in fuming hood. They were allowed to cool, filtered through whatmann no. 42 filter paper and were diluted up to the mark (100 ml) into a calibrated flask [@bib0080], [@bib0085]. Skin lightening creams were wet digested with a 4:1 mixture of nitric acid (65%) and perchloric acid (70%) on a hot plate in fuming hood near to dryness [@bib0080], [@bib0085] by slowly increasing the temperature for 3hr. The procedure was repeated through addition of mixture of acid by slow and continuous heating until the evolution of white fumes (marking the end of the digestion process) and near to dryness [@bib0090]. The solutions were allowed to cool, filtered by whatmann no. 42 into a calibrated flask (100 ml), and were diluted up to the mark. The sample solution was analyzed for Mn, Ni, Cu, Cd, Cr and Pb using Flame Atomic Absorption Spectrophotometer (210 VGP Atomic Absorption Spectrophotometer, BUCK SCIENTIFIC, East Norwalk, USA). The instruments working conditions and parameters were presented in [Table 2](#tbl0010){ref-type="table"}.Table 2Working conditions for determination of concentration of some heavy metals using Atomic absorption spectrophotometer.Table 2MetalsWavelength (nm)Slit width (nm)Detection limit (mg/l)Lamp current (mA)Linear range (mg/l)Flame type (colour)Mn279.50.70.03102.50A-A, lean/blueCd228.800.70.0122.00A-A, lean/blueCr357.900.70.0425.00A-A, rich/yellowCu324.800.70.0051.55.00A-A, lean/bluePb283.300.70.08520.00A-A, lean/blueNi232.000.20.052.54.00A-A, lean/blue

2.4. Data analysis {#sec0030}
------------------

Student *t*-test was conducted to determine significant differences in concentration of metals between the two categories of each class of cosmetic. The software used was Sigmastat version 3.5, Systat software, California, USA [Table 2](#tbl0010){ref-type="table"}.

3. Results and discussion {#sec0035}
=========================

From [Table 3](#tbl0015){ref-type="table"}, the mean ± SD concentration of Mn (17.65 ± 5.31) mg kg^−1^, Ni (8.09v3.08) mg kg^−1^, Cd (0.92 ± 0.023) mg kg^−1^ and Cr (0.016 ± 0.023) mg kg^−1^ in higher prices skin lightening creams have exceeded that of Mn (6.83 ± 1.98) mg kg^−1^, Ni (6.62 ± 4.03) mg kg^−1^, Cd (0.45 ± 0.43) mg kg^−1^ and Cr (0.00 ± 0.00) mg kg^−1^ respectively in lower price skin lightening creams. However, the mean ± SD concentration of Cu (5.94 ± 2.32) mg kg^−1^ in lower price is more than Cu (4.24 ± 0.00) mg kg^−1^ in higher price. In addition, the mean ± SD concentration of Pb (0.088 ± 0.038) mg kg^−1^ in higher price skin lightening creams is the same as in lower price creams.Table 3Concentrations (in mg kg^−1^) of some heavy metals in skin lightening creams in Kano.Table 3MetalsHigher priceLower priceMean ± SDMedianRangeMean ± SDMedianRangeMn17.65 ± 5.3114.7112.256.83 ± 1.987.354.71Ni8.09 ± 3.087.357.356.62 ± 4.033.687.35Cu4.24 ± 0.004.2405.94 ± 2.324.244.24Cd0.92 ± 0.3760.760.760.45 ± 0.430.421.11Cr0.016 ± 0.02300.050.00 ± 0.0000Pb0.088 ± 0.0380.10.090.088 ± 0.0380.10.09

In skin lightening creams, Mn is present in high concentration with a range between 4.90 to 24.51 mg kg^−1^ in skin lightening creams and that of Ni range from 3.676 to 11.029 mg kg^−1^. However [@bib0080], revealed that the range for the concentration of Ni in medicated and non medicated creams is 0 μg/g. The concentration of Cu range from 4.237 to 8.475 mg kg^−1^. The concentration of Cd range from 0 to 1.32 mg kg^−1^ and was not detected in 10% of the samples. The concentration of Cr range from 0 to 0.05 mg kg^−1^ and was not detected in 80% of the samples Similarly [@bib0095], did not detect Cr in all samples of skin cream. The concentration of Pb ranges from 0.05 to 0.14 mg kg^−1^ [@bib0080] found that the range for the concentration of Pb in medicated and non-medicated creams is 0 μg/g.

In [Table 4](#tbl0020){ref-type="table"}, the mean ± SD concentration of Mn (27.45 ± 14.23) mg kg^−1^ and Cr (0.012 ± 0.016) mg kg^−1^ in higher price face powders have exceeded Mn (21.08 ± 11.05) mg kg^−1^ and Cr (0.00 ± 0.00) mg kg^−1^ respectively in lower price face powders. However, the mean ± SD concentration of Ni (8.82 ± 4.19) mg kg^−1^, Cu (6.78 ± 2.32) mg kg^−1^, Cd (0.96 ± 0.57) mg kg^−1^ and Pb (0.17 ± 0.47) mg kg^−1^ in lower price face powders have exceeded Ni (8.09 ± 4.79) mg kg^−1^, Cu (4.24 ± 0.00) mg kg^−1^, Cd (0.42 ± 0.47) mg kg^−1^ and Pb (0.13 ± 0.042) mg kg^−1^ respectively in higher price face powders.Table 4Concentrations (in mg kg^−1^) of some heavy metals in face powder in Kano.Table 4MetalsHigher priceLower priceMean ± SDMedianRangeMean ± SDMedianRangeMn27.45 ± 14.2329.4139.2221.08 ± 11.0519.6126.97Ni8.09 ± 4.7911.0311.038.82 ± 4.197.3511.03Cu4.24 ± 0.004.2406.78 ± 2.328.484.24Cd0.42 ± 0.470.351.180.96 ± 0.571.041.6Cr0.012 ± 0.01610.030.00 ± 0.0000Pb0.13 ± 0.0420.140.110.17 ± 0.120.190.33

Analysis of face powders showed that concentration of Mn ranges from 4.90 to 44.12 mg kg^−1^. The concentration of Ni ranges from 7.35 to 14.71 mg kg^−1^ and that of Cu ranges from 4.24 to 8.48 mg kg^−1^. In a study by [@bib0035], the range of concentration of Ni and Cu was 0 μg/g. The concentration of Cd ranges from 0 to 1.74 mg kg^−1^ and it was not detected in 10% of samples. Cr was not detected in 80% of samples though the concentration ranges from 0 to 0.03 mg kg^−1^. In a similar study by [@bib0035], the concentration of Cr ranges from 0 to 2.7 μg/g and that of Cd ranges from 0 to 8.1 μg/g. However, the concentration of Pb ranges from 0.08 to 0.33 mg kg^−1^ [@bib0035] found the range for concentration of Pb to be from 0.4 to 41 μg/g.

In [Table 5](#tbl0025){ref-type="table"}, the mean ± SD concentration of Mn (13.73 ± 2.20) mg kg^−1^ and Ni (8.24 ± 3.29) mg kg^−1^ in lower price lipstick have exceeded the mean ± SD of Mn (11.27 ± 9.27) mg kg^−1^ and Ni (5.14 ± 4.19) mg kg^−1^ respectively in higher price lipstick. However, the mean ± SD of Cd (0.89 ± 0.58) mg kg^−1^, Cr (0.016 ± 0.023) mg kg^−1^ and Pb (0.106 ± 0.084) mg kg^−1^ in lower price lipstick have exceeded the mean ± SD concentration of Cd (0.34 ± 0.20) mg kg^−1^, Cr (0.00 ± 0.00) mg kg^−1^ and Pb (0.06 ± 0.042) mg kg^−1^ respectively in higher price lipstick. In addition, the mean ± SD concentration of Cu (7.63 ± 4.64) mg kg^−1^ in higher price lipstick is nearly the same as in lower price with mean ± SD concentration of Cu at (7.63 ± 3.54) mg kg^−1^.Table 5Concentration (in mg kg^−1^) of some heavy metals in lipstick in Kano.Table 5MetalsHigher priceLower priceMean ± SDMedianRangeMean ± SDMedianRangeMn13.73 ± 2.2014.714.9111.27 ± 9.279.819.61Ni8.24 ± 3.2911.037.355.15 ± 4.193.6811.03Cu7.63 ± 4.644.248.477.63 ± 3.548.488.47Cd0.34 ± 0.200.350.560.89 ± 0.580.831.39Cr0.00 ± 0.00000.016 ± 0.0230.10.05Pb0.06 ± 0.0420.050.10.106 ± 0.0840.10.19

Analysis of lipstick showed that the concentration of Mn ranges from 2.45 to 22.06 mg kg^−1^ while the concentration of Ni ranges from 3.68 to 11.03 mg kg^−1^. In a related study by [@bib0100], he reported a concentration range for Ni to be 7 to 22.8 μg/g. The concentration of Cu ranges from 4.24 to 12.71 mg kg^−1^. However, in a study by [@bib0100] the range for the concentration of Cu was found to be 0 μg/g. In addition, the concentration of Cd ranges from 0.07 to 1.67 mg kg^−1^. [@bib0100], reported that the average of cadmium levels in several facial cosmetics (eye cosmetics, lipsticks, and lip gloss) was approximately 1 μg/g. [@bib0105] also showed that cadmium content in all brands and colors of lipsticks was within the range of 0.200--0.500 μg/g. The amount of cadmium in the upper limit of the present study when compared with that of the above study was higher. Cr was not detected in 80% of the samples, though the concentration ranges from 0 to 0.05 mg kg^−1^. However, [@bib0100] found the range for the concentration of Cr to be 20.5 to 58.8 μg/g. The concentration of Pb ranges from 0.05 to 0.19 mg kg^−1^. Studies conducted by [@bib0100], [@bib0105], [@bib0110] showed that concentrations of lead in all brands of lipsticks analyzed were up to 41.1 μg/g 87--123 μg/g and 0.286--6.234 μg/g respectively. However, in the present study, Pb was not detected in 20% of the samples and has not exceeded the WHO permissible limit in 80% of the samples. Similarly [@bib0115], have found concentration of Pb in lipstick lower than what was observed by [@bib0100], [@bib0105], [@bib0110]. Cr was not detected in 80% of all the cosmetic products analyzed. However [@bib0120], were able to detect Cr in 50% of the cosmetic products analyzed in the range of 0.45 mg kg^−1^ to 17.83 mg kg^−1^. Pb and Cd were not detected in all the cosmetic products analyzed [@bib0120].

The concentration of the heavy metals analyzed are in the order Mn \> Ni \> Cu \> Cd \> Pb \> Cr. Mn has the highest concentration while Cr has the least. [@bib0125] also found that Cr has the least concentration among all the heavy metals analyzed in cosmetic products.

*T* test showed no significant difference statistically between the higher and lower price cosmetics in terms of the concentration of the heavy metals analyzed (p \< 0.05).

4. Conclusion and recommendations {#sec0040}
=================================

From the results obtained, all the metals analyzed were detected. However, Cr was not detected in most of the samples. Mn has the highest concentration and Cr has the least. No statistical difference was observed between the higher and lower price cosmetic products in terms of the metals analyzed. It is however feared that the excessive use of cosmetic products contaminated with toxic heavy metals may lead to slow release of the metals into the human body and accumulate in body tissues and hence cause certain health complications. The following actions are recommended:1Regular monitoring of other heavy metals and chemicals used in the manufacture of cosmetics products which may cause health risks to users should be emphasized.2Regulatory guidelines on heavy metals in cosmetics should be formulated and enforced by relevant authorities in the manufacture of cosmetic products in Nigeria.3Public enlightment should be organized on the harmful effects of excessive or extensive use cosmetic products.4Laws should be enacted in order to limit the content of heavy metals in cosmetics and other household products and items.
